INTRODUCTION 47
The herbaceous perennial forb, Gypsophila paniculata L., was introduced to North 48 America in the late 1800's (Darwent and Coupland, 1966) . Invasive populations have since been 49 documented throughout the northern and western United States and Canada, specifically in 50 agriculture fields, rangeland, roadsides, and sandy coastlines along the Great Lakes (Darwent, 51 1975; Emery and Doran, 2013) . Despite its wide invasive range, little information exists on how 52 populations throughout North America are related or spreading. Due to its aggressive invasion, 53 negative impacts on native biota (Emery and Doran, 2013) , and a lack of data regarding its 54 spread, it is important to develop molecular markers that can characterize the genetic structure of 55 invasive populations of G. paniculata. These markers will be directly used to investigate 56 invasions within the Lake Michigan coastal dune system where an 1,800-acre infestation occurs 57 (TNC, 2013) . These markers and optimized protocols can be used to characterize populations of 58 G. paniculata throughout its invasive and native ranges to further assess its invasion history and 59 spread. 60 Calistri et al. (2014) examined the genetic relationship of five Gypsophila spp. (including 61 G. paniculata) within their native range and 13 commercial hybrid strains using a combination of 62 amplified fragment length polymorphisms (AFLPs), inter simple sequence repeats (ISSRs), 63 target region amplification polymorphism (TRAP), and universal chloroplast simple sequence 64 repeats (cpSSRs). However, the majority of these markers are dominant and thus do not fully 65 distinguish between homozygotes and heterozygotes, a characteristic that would allow for fine-66 scale population genetic analyses (Freeland et al., 2011) . Thus, the development of microsatellite 67 markers for G. paniculata is necessary to adequately characterize invasive populations 68 throughout North America.
Microsatellite Library Development, Assembly and Identification-71
Adventitious buds growing from the caudex of five potentially unique primers that yielded products of 150-450 bp, had a GC content between 30-86 70%, and that had a T m between 58-62ºC, with an optimum of 60ºC (Appendix S2). 87 88
Primer Optimization-89
Prior to PCR optimization, contigs containing potential primers were aligned using 90
ClustalOmega (Sievers et al., 2011) to ensure they were targeting unique microsatellite regions. 91
We tested 107 primer pairs that consisted of either tetrameric, trimeric, or dimeric motifs, and determined to be polymorphic and easily scorable (Appendix S3). DNA from leaf tissue 94 collected in 2016 from three populations (Zetterberg Preserve, SBDNL, Petoskey State Park) 95 along eastern Lake Michigan was used for primer optimization (see Table 2 Table 2 ). The F IS estimates were 132 calculated using the probability model following Robertson and Hill (1984) . Statistical tests for 133 genetic linkage disequilibrium were performed using the log likelihood ratio statistic (G-test) and 134 MCMC algorithm by Raymond and Rousset (1995) . Two pairs of loci were significantly out of 135 linkage disequilibrium (p < 0.05) for both Zetterberg Preserve and Sleeping Bear Dunes: 136 BB_5021 and BB_2888, and BB_3913 and BB_1355. Out of 16 loci, five successfully amplified 137 in a related species G. elegans (BB_4443, BB_4258, BB_7213, BB_5151, BB_1355) (Table 3) .
CONCLUSIONS 140
The 16 microsatellite primers developed for G. paniculata provide a tool for estimating 141 genetic diversity and structure of invasive populations, which will aid in understanding its 142 invasion history, identifying source populations, and examining dispersal patterns. Though we 143 developed these markers to study the Lake Michigan dune system invasion, it is invasive 144 throughout North America. With these markers, we can begin to understand the invasion of G. Table 3 . Results of cross -amplification of microsatellite loci isolated from Gypsophila paniculata and tested in 12 G. elegans individuals. a Successful amplification (X) in each G. elegans individuals (n = 12). a G. elegans tissue sourced from individuals grown in greenhouse at AWRI-GVSU facilities.
